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The Toxicity of Methyl Isocyanate:
Where Do We Stand?
by John R. Bucher*
The papers in this issue of Environmental Health
Perspectives were presented at aconference titled "The
Toxicity ofMethyl Isocyanate" held at the National In-
stituteofEnvironmental Health Sciences, March 12 and
13, 1986. The works presented are varied in their ap-
proach and scope, but all ofthe studies shared the goal
of providing basic toxicological information on MIC to
augment the meager data available at the time of the
accident in Bhopal.
Taken together, the animal inhalation exposure stud-
ies mimicked in effect, the gradation of exposures that
occurred at different distances from the chemical plant.
The studies of Union Carbide scientists attempted to
recreate in several animal species the spectrum of re-
sponses, including rapid unconsciousness and death,
seen close to the facility and examined a number of
possible biochemical and physiological mechanisms for
thesephenomena. The NIEHS studies, and manyofthe
other studies reported at this conference, used lower
doses and longer exposures in an attempt to examine
both the resulting toxicities and the potential for re-
versal or progression ofthese effects in survivors.
Clearly, MIC inhalation is profoundly damaging to
the respiratory system. Rapid deaths following expo-
suretohighconcentrations anddelayeddeathsresulting
from exposures to lower concentrations of MIC have
bothbeenattributedtorespiratoryinjury. Asindicated,
certain Union Carbide studies were designed to deter-
mine the pathogenesis of the immediate deaths of in-
dividuals in Bhopal who were exposed to high concen-
trations of MIC. These studies have evaluated several
potential mechanisms oftoxicity; however, the findings
fromthese studies generally supportthe notion thatthe
major cause of immediate death was profound hypoxia
resultingfromblockage ofairwaysbynecroticepithelial
cells, mucus, fluid, and fibrin. The lower dose studies
ofAlarie et al. have shown that MIC is a potent sensory
and pulmonary irritant in mice and guinea pigs, and
that surviving guinea pigs exhibit signs of obstructive
airway disease. Uraih and co-workers demonstrated
that the immediate destruction of the nasal olfactory
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and respiratory epithelium in rats and mice exposed to
MIC is followed by a rapid and apparently, nearly com-
plete repair. Findings of Boorman et al. and results of
studies by Fowler and Dodd have shown that the acute
epithelial injury in the trachea and bronchi leads to fi-
brosis of these airways and results in the formation of
intraluminal fibroepithelial tissue projections. These
airway changes which have also been reported by
McConnell et al. (Environ. Sci. Tech., in press) and the
persistence of mucous plugs may well provide a basis
for the observation of functional obstructive and re-
strictive lung disease in the animals studied by Stevens
and co-workers and may ultimately prove to be the
cause of the deteriorating cardiopulmonary function in
rats observed by Tepper et al. at 4 and 6 months after
exposure to MIC.
One ofthemost difficultissuestoresolvewhenstudy-
ing the toxicity of such a highly reactive chemical as
MIC is whether systemic changes represent a primary
effect of the chemical, or are simply secondary effects
of injury to the site of application, which in this case
was the respiratory system. A variety ofmechanisms,
for example, could account for the reduced arterial ox-
ygen tension seen in guinea pigs exposed to MIC in the
Union Carbide studies. Those mechanisms include the
recognized ability ofMIC to chemically modify specific
amino acid residues in hemoglobin, thereby changing
its oxygen binding properties; a change in blood pH,
also affecting hemoglobin oxygenbindingproperties; or
a morphologic alteration of the lung, compromising its
gas exchange capability. These are not necessarily in-
dependent events, but the studies of Troup et al. sug-
gestedthatchemicalmodificationofhemoglobinwasnot
extensiveduringshortinhalation exposurestohighcon-
centrations of MIC, and the results of Maginiss et al.
andFedde etal. indicatethatthehemoglobinofexposed
animals remained functional, but problems with gas ex-
change within the lung and a severe metabolic acidosis
hindered the ability ofhemoglobin to deliver oxygen to
the tissues.
The reactivity ofisocyanates with specific functional
groups onproteins was extensivelyexamined byBrown
et al. but again, it appeared that the potential for MIC
to inactivate critical enzymes such as cholinesterase asJ. R. BUCHER
demonstrated invitro maynotbeofprimaryimportance
invivo(seeBucheretal. andTroupetal.). Thereactions
of MIC with nonessential or nonactive site functional
groups, and the highly exothermic hydrolysis reaction
would both act to compete with aninteraction with spe-
cific enzymes or proteins during inhalation exposures.
However, the modification offunctional groups can ap-
parently lead to antibodyformation. This was shown by
Karol and co-workers in experimental animals and in
survivors of the Bhopal accident. The significance of
these findings in relation to the overall health effects of
MIC exposure will require further study.
In a preliminary epidemiological survey ofthe effect
of the Bhopal accident on pregnant women living ad-
jacent to the facility, Varma reported a very high rate
of unsuccessful pregnancies and a higher than normal
infant mortality during the first 30 days of life. While
more detailed investigations must be conducted on this
population, support forthese conclusions waspresented
in the animal studies of Varma, and those of Schwetz
et al. Exposure of pregnant mice to short, near lethal
concentrations caused the loss of entire litters, and
longer exposures to lower concentrations of MIC re-
sulted in decreased live litter size at birth, and a higher
rate of neonatal mortality. Whether this is a selective
toxic effect of MIC on the fetus, or a manifestation of
maternal toxicity needs further evaluation. However,
evidence ofsignificantteratogenicity was notfound, nor
did there appear to be effects on fertility of exposed
mice.
A particular concern immediately following the ac-
cident in Bhopal was the fear that the exposed popu-
lation would be unduly susceptible to disease and would
suffer disproportionate morbidity from a variety of in-
fectious agents. The immunotoxicity studies of Tucker
and co-workers were designed to detect specific effects
of MIC on immune function and host resistance. The
results of these studies suggested that MIC was not
overtly immunotoxic, but minor deficits in T-cell lym-
phoproliferative response were detected, and MIC-ex-
posed mice appeared slightly more susceptible to influ-
enza challenge. Differential blood counts demonstrated
a consistent pattern of elevated neutrophils and de-
creased lymphocytes during the first few weeks follow-
ing exposure of rats to MIC. In addition, Hong et al.
reported bone marrow hypocellularity, and specific re-
ductions in pluripotent bone marrow stem cells, gran-
ulocyte-macrophage progenitors, and erythroid progen-
itors during the first 3 weeks following exposures of
mice to MIC. Although statistically significant, the ef-
fects noted in these studies were not considered to have
major clinical significance and were thought to be sec-
ondary to stress and/or to pulmonary injury.
An extremely important concern is the possibility
that MIC exposure might lead to genetic damage. To
assess this possibility, MIC was tested in a number of
in vitro and in vivo assays. MIC gave negative results
in the Ames test and in the Drosophila sex-linked re-
cessive lethal test. However, in cultured mammalian
cells, positive results were obtained in the mouse lym-
phoma TK +/- assay, and both sister chromatid ex-
changes and chromosomal aberrations were increased
in Chinese hamster ovary cells. In invivo assessments,
small increases in sister chromatid exchanges occurred
in lung cells, but not in peripheral blood lymphocytes
(Shelby et al.). MIC was negative in the male mouse
dominant lethal assay (Schwetz et al.). The most con-
sistent finding in in vivo genetic toxicity studies was a
profound delay in the cell cycle time of bone marrow
cells (Shelby et al., Conners et al.), in agreement with
the findings ofHong et al. From these results and from
considerations ofthe chemistry ofisocyanate-DNA and
isocyanate-protein reactions, it was speculated that
MIC may exert its genotoxic activity through interac-
tions with proteins affecting chromosomal structure,
rather than through direct genetic mutations (Shelby
et al.).
To summarize, histopathologic evaluations ofrodents
exposedtoMIC byinhalationhave suggestedthatMIC-
induced injury is limited to the respiratory system. Im-
mediate deathsmostlikelyresultedfromtissuehypoxia
secondary to blockage of airways by cellular debris,
mucus, and fluid. Delayed deathsprobably were caused
bychronic obstructiveandrestrictive lungdisease. Evi-
dence for direct systemic or nonrespiratory toxicity of
MIC or its reaction products is largelylacking, but can-
not be completely ruled out considering the effects on
hematopoiesis, on the fetus, and considering the chro-
mosomal effects observed in mouse bone marrow.
Before one can directly apply these results to the
exposed population in Bhopal, it should be kept in mind
that while MIC was probably the primary chemical re-
leased during the accident, an as yet undetermined
amount ofreaction products was also released, perhaps
includinghydrogen cyanide. No attempt has beenmade
to recreate the accident experimentally to examine ef-
fects in animals. The technical difficulties involved and
the lack ofknowledge concerningthe actualcomposition
of the released materials preclude such an approach.
The studies reported in this issue have, however, pro-
videdmuchvaluableinformationconcerningthetoxicity
of MIC and should serve to focus further research on
the potential long-term human health effects ofthis dis-
aster.
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